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medium (DME) wiih glucose (4.5 g/litcr). L-glUtaminc. and 
sodium pyruvate. The medium was supplemented with 10% 
heat-inactivated fetal calf serum and antibiotics. Cells were 
crown at 37°C in a humidified 5% C0 2 atmosphere. 

Cells were transacted at 50 to 70% confluence by the 
calcium phosphate procedure (48). Each 10-cm plate with 1 
x 10 6 to 5 x 10* cells received 1.25 ml of a calcium 
phosphate (pH 7.05) precipitate comainine 20 « of plasmid 
DN A for stable transfections and 60 to 80 \Lg for the transient 
transfeciions. Increased amounts of DNA were used in the 
transient transfeciions in order to increase the levels of p53 
expressed and to increase the proportion of cells that were 
able to be transfected. The precipitate was left on the cells 
for 4 h before a 2-min incubation with 15% glycerol, followed 
by three phosphate-buffered saline (PBS) washes. Transient 
assays were performed 48 to 60 h after the glycerol shock. 
Stable cell lines were generated by transfection with a 
neomycin resistance gene-containing plasmid or by cotrans- 
fection with pSVXRl and P SV2NEO at a 1:10 i*uo.Aftcr 2 
days, cells were split 1:6 into medium containing 500 fig of 
Geneticin (G418; GIBCO) per ml. Single-cell clones were 
picked after 4 to 6 weeks- # 

Southern blots. Southern blotting techniques and hybrid- 
izations were performed as described previously (50) with 
the capillary transfer method, Hybond nylon membranes 
(Amersham), and non-formamide-containing hybridization 
solutions. Hybridization probes were made from gel-isolated 
DNA fragments that were labeled by random priming with 
the Klenow fragment of DNA polymerase and la- -P]dCTP 

^iLuiuiioprecipitflliotis. Cell lines were nietabolically la* 
beled with 50 u.g of methionine translabcl (1CN) per ml in 2.5 
ml of methionine free DME plus 2% dialyzed fetal calf scrum 
for 2 h. Cells were rinsed in ice-cold PBS twice before lysis 
in 1 ml of ELB (250 mM NaCh 0.1% Nonidet P-40, 50 mM 
HEPES (^-hydroxyethylpiperazine-A^'^-ethanesulfonic 
acid. pH 7.0], 1 mM phcnylmcthylsulfonyl fluoride [Sigma]. 
5 mM EDTA, 0.5 mM dithiothreitol). The lysate was scraped 
from the plate, cenirifuged, and stored at -KO^C. I.ysates 
were prcadsorbed.with fixed staphylococcal protein A over- 
night at 4*C and then incubated with polyclonal antibody 
PAbL22 before precipitation and loading on 8% acrylamide 
gels. 

Radioimmunoassays. Radioimmunoassays were earned 
out in 96-well filter-bottomed plates (V&P Scientific Inc.. 
San Diego. Calif.). Briefly, cell homogenates were prepared 
from cells in PBS-0.1% sodium aridc with a Polytron 
homogenizcr. Homogcnalcs containing four different con- 
centrations of protein were applied directly to the filter 
papers in triplicate. After adsorption of proteins onto the 
filters by incubation for 30 min, excess binding sites were 
saturated by incubation with calf scrum. Then, 100 u-l of 
125 I-labeled PAbl22 antibody solution (100,000 cpra in calf 
serum containing \% nonspecific mouse immunoglobulin G 
[IgG] ascites fluid) was added and incubated for 16 h at 4*C 
Filters were then washed three times with 20% calf serum in 
PBS and counted with a gamma counter. 

Plasmids..pC53SN3 is an expression construct that con- 
tains a p53 cDNA driven by a cytomegalovirus (CMV) 
promoter and the neomycin resistance gene driven by an 
SV40 promoter-enhancer. The expression vector was de- 
rived from plasmid BCMGNeo-lL2 after excision of the 
human be ta-globin sequence and bovine papillomavirus se- 
quences with BamHl and Nod. Next the Xhol site was 
changed to a BamHl site by linker addition. The entire 
coding sequence of p53 cDNA (an l,80O-bp fragment extend- 
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ing from an Xbal site 130 bp 5' of the ATO to another Xbal 
siie 492 bp 3' of the stop codon) was cloned into the BamHl 
she P C53SCX3 was constructed by the same meth ds. The 
dSVXRI construct contains a 1.600-bp p53 cDNA fragment 
extending from the Xbal site 5' to the ATG to an EcoRI site 
3' of the stop codon. This was cloned bio the expression 
vector pKC4, which contains an SV40 promotor. 

Immunofluorescence. Cells were transfected 24 h before 
being plated onto sterile mukiwcll glass slider (Polyscicnces 
Inc ) at a density of about 50% on the night before staining in 
Duibecco modified Eagle medium with 15% fetal calf serum 
and antibiotics. Nontransfccted cells were treated aimtlariy 
The celts were rinsed with serum-free medium and with 
nonsterile PBS t Ihcn fixed with 70% ethanol for 10 min, and 
permcabiliied with 0.1% Triton X-100 in PBS for 10 mm. All 
steps were carried out at room temperature. Cells were 
blocked with 1% bovine serum albumin (BSA; Sigma) in 
PBS for 30 min. Primary antibodies were used at concentra- 
tions of either 1:500 or 1:1.000 in 1% BSA-PBS. incubated 
for approximately J h, and then removed with several PBS 

rinses. , . . „ . .... 

The p53 antibody PAbl22 was obtained from a hybndoma 
cell line (American Type Culture Collection). The staining 
antibody goat anti-mouse IgG (Cahag) was applied at a 
concentration of 1:100 for 45 min and then removed with 
PBS. The slides and cover slips were mounted in an 
glycerol solution with />-phenylenediaminc (Sigma) at 1 
me/ml. Epifiuorcsccncc microscopy was done with a Zeiss 
fluorescence microscope. A Nikon UFX-ilA camera system 
and Kodak TriX ASA 400 and Tmax ASA black and white 
35-mm films were used to photograph the specimens. 

PCR amplification and sequencing. p53 cDNA which had 
been stably transfected into the Saos-2 cell line was ampli- 
fied from total genomic DNA by the polymerase chajn 
reaction (PCR) with two primers spaced 1.270 nucleotides 
apart and spanning the entire coding region. The sense 
primer contained an EcoRI site at its 5' end, arid .the 
antisense primer contained a fl/j/ll site at its 3* end. The. 
DNA template, and primers were added to a PCR buffer 
containing 50 mM KCK 10 mM Tris hydrochloride, and 1.5 
mM MgCU. to which dNTPs (200 u.M each) and 25 U of 
Thermits aquaticux polymerase (Cetus) were added. The 
reaction was amplified for 40 cycles in a Perkin-EImcr 
Thcrmocycler (40 s of denaturation at 94 P C. 2 mm of 
annealing at 55°C, 2 min of elongation. at 72°C). A 7-min 
elongation step was added after the last cycle to complete 
any partial extensions. The PCR product was digested with 
£coRI and BgUl and ligated into a vector, pBSK (Strata- 
gene), for sequencing. Three single colonics from two sepa- 
rate PCR reactions were sequenced in their entirety on both 
strands by the didcoxy chain termination technique wit h i a 
T7 polymerase kit (Pharmacia). The U-20S genomic DNA 
was amplified between exons 5 and 9 and sequenced as 
previously described (43). The sequencing reaction mixes 
were separated by electropheresis on gradient 6% polyacryl- 
amide gels. . 

Kkm cytometry and cell cycle analysis. Exponentially pro- 
liferating Saos-2 cells were transfected with either the wild- 
type p53 gene expression construct pC53SN3 or the mutant 
p53 gene construct pC53CX3. Twenty-four hours later, the 
cells were incubated for 24 h in either nocodazole (40 
Sigma) or 0.1 mM hydroxyurea (Sigma). Then, 4 x 10 cells 
were rinsed with PBS, fixed in 95% ethanol for 15 nyn 
rinsed again, suspended in 1% BSA-PBS containing 200 U of 
RNase (Sigma R5000) per ml. and agitated for 30 nun at 
37*C. The cells were then divided into, two portions, tor 
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FIG. 2. Wild-type and mutant P 53 cDNA expression construct*. Scheme diagrams of o53 cxpressum tot w crc 

constructed as described In the text The wild-type p.<3 cDNA consimct n€S3SN3 and the mutant p53cDNA construct pC»SCX3 differ 
a single nucleotide that results in eh alanine instead of a valine At codon 143 in p53, Du>e»0on with SamHl releases an *-^ b P^JA 
frScnt that encodes pS3. The other mutant gene p53 expression construct. pWRL has a single mutaUon that l^^S^SS 
an argininc at codon 273 in p53. Digestion with //</idlU release* a LWO-bp cDNA fragment that encodes P 53. pA. Polyadenylauon signal. 
AMPTampicniin resistance gene; SY. SV40 promoter/enhancer; CMV. CMV promoter/enhancer. NEO. neomycin resistance gene. The 
positions of the initiation and termination signals for p53 translation arc also included. 



a p53 cDNA clone from a colon carcinoma xenograft. CX3, 
which has a point mutation resulting in a valine to alanine 
change at codon 143 (2). The second mutant construct, 
pSVXRl (provided by E. Harlow), contains the cDNA from 
the epidermoid carcinoma cell line. A431. This p53 gene 
encodes an argintne to histidinc change at codon 273. The 
pSVXRl mutant p53 construct contains no selectable mark- 
er; therefore, it was cotransfected with pSV2NEO. 

To test whether these vectors could drive the synthesis of 
p53 protein, wc transiently transfected Saos-2 celts with 
each of the three p53 expression constructs by the standard 
calcium phosphate technique. AH three expression con- 
structs synthesized p53 which was easily detectable by 
immunoprccipitation 24 h after transfection (data not. 
shown). Untransfeclcd Saos-2 cells contained no detectable 
p53 protein. Whereas transfected cells synthesized protein 
(data not shown). 

In order to assess the funcrion of wild -type p53, wc 
introduced wild-type and mutant p53 genes into three dif- 
ferent osteosarcoma cell lines. Transaction of wild-type p53 
"gene into cells containing large amounts of mutant p53 might 
produce a different effect than tratisfection into a cell line 
lacking p53. Additionally, if the effect of mutant p53 requires 
hsc70 binding, transfection of the wild-type p53 into a cell 
line witli endogenous p53 that does not bind hsc70 might 
provide a different result. Wc therefore decided to reintro- 
duce p53 into Saos-2 cells,- which hayc no p53; into U-20S 
cells, which have apparently wild-type p53 that does not 
bind hsc70; and into KHOS-240S ceHs, which contain large 
amounts of mutant p53 stabilized by hsc70. 

The frequency at which stable clones arose in 0418 
selection after transfection is listed in Table 1 as colonies per 
microgram of transfected plasmid. Transfection of the wild- 
type p53 construct. pC53SN3, resulted in approximately 
100-fold fewer colonies than transfection with the mutant 
p53 constructs. This reduction in c lony number was seen in 
every experiment with each of the osteosarcoma cell lines. 
To exclude the possibility that the decrease in the number of 



colonics reflected differences in transfection efficiencies, 
cells were transiently assayed for the frequency of p53 
expression by immunofluorescent techniques. Transfection 
or 20 u.g of PC53SN3, pC53SCX3. and pSVXRl per 10* 
Saos-2 cells resulted in 7, 13, and 11% of the ceils expressing 
p53, respectively. Therefore, the significantly fewer colonies 
suggested that wild-type p53 but not mutant p53 had a 
growth-inhibitory effect. 

We then examined p53 cDNA integration in the colonies 
recovered from the transfeclions. Genomic DNA .from the 
lines was analyzed by Southern blot for intact integration of 
exogenous p53. The analysis of some representative cell 
lines is shown in Fig. 3A. The endogenous p53 gene was 
detected in the first six lanes as a 7.8-kb fragment when the 
genomic- DN A was digested with BamUl or as 7.0-kb and 
' 2.5-kb fragments in lanes 7 lo 11 when the genomic DNA 
was digested with Hindlll. The integrated exogenous p53 
cDNA fragment should be 1.8 kb in length from the 
pC53SCX3 and pC53SN3 constructs when digested with 
fifl/nHl, as in lanes 1 lo 6> and it should be 1.6 kb in length 
when the integrated pSVXRl vector is digested with 
//mdlll, as in lanes 7 to 11. Whereas three of the four 
pC53SCX3 and Tour of the five pSVXRl colonies that are 
shown had proper integration of the exogenous mutant p53 
cDNA, neither of the two colonies thai were transfected 
with the wildHypc p53 construct pC53SN3 shown here had 
intact integration of p53 cDNA. . 

•Table 1 summarizes our ability to detect intact integration 
of p53 cDNA in the single-cell clones transfected with the 
three expression constructs. Only 5 of the 76 rare clones that 
grew after transfection with the wild-type p53 construct 
contained intact integration of the p53 cDNA. even though 
the presence of the neomycin resistance gene was detected 
in all 76 colonies by reprobing with a neomycin resistance 
gene cDN A fragment (data not shown). This is in contrast to 
transfection with the two mutant p53 constructs, where 
Intact Integration of p53 could be delected at high frequency 
in all three osteosarcoma cell lines tested. We.conctudc that 
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possible to detect the synthesis of rnutg J the 

PC53SCX3 construct ,n JjJjJgSSmuo-i pS3 gene 
endogenous p53 gene, the newiyinuw transected with 
J b und hRc70. All 10 U-20S cell lines «^ hscTO. In 
P C53SCX3 expressed mutant P 53 *V„S increase in 
- U-20S and KHOS-240S. there was no signincaxit irwrwis^ 

transection of wild-type P 53 8?* ^^ U £ ( he three 
number of stable colonies that could be r , form 

osteosarcoma cell lines. The co ?".es that were wc 
infrequently had intact integration of the p^J cui 



rare clones with ^«S5?tf 
DNA did not direct he lyrthes * £ wU£ ^ ^ 

Sequences o?r^S iffte Saof-TflJSN.l 

quenee data obtained "^^£2^. which led us 
transfectant revealed an •"**f**T!*i ization D r P 53 in this 
to investigate the subcellutar toc»li» ^ ,ofl id P s fromlhe 

mutant cell line. The G ^^^^S^aab* at 
ATO resulted in replacement of the »«m ne y g^ 
codon 306. verjete. to the gat ve cor^ ^ 
tion signal at poaww* 31 / 1 to > 1 fluorcscence was used 
yUtion site at codon 315 (3). ltnm "°°" a chargc nea r the 
fo determine whether this . lo " ^ ^ ^ J c sub ccuular local- 
core nuclear localization . s^n^ ^1 aUered the deicctable . o 

izat,0n °r f fed sS cSh and dt U was found in the 
untransfectcd Sao. 2 cells n m 5J . 

transienUy ^^^J^aJi In contrast. P 53 
made P 53 that wa* »oc al ^d «n th = nuc ^ u | 2 TS12S N3.i 
was not localized to the nude U! \oi tne o 
«,f«ne. Although the S^^ n eq ^ n ? e n Ss pruxlmity 
published core ~ e J«f t ^S^p^Srbed by a nearby 
to it may indicate : U«i : a cnang e in the 

mutation . espeeiag ^JSVubceUiUar localization repre- 
positivc charge. Dtsrupuon « suoc functlona i in aca- 

Sentt a novel V^^SiS^ *™ « udied haVC 

Ho- Jj JWjg,; X^SiSuie that overcx- 
eonia cdls? The shown aoo ^ ostco$arCOma 

pressior. of ^\ d :^ nu P ^ a VVho S phoproiein that undergoes 
cells. Since P» >%^^ a [ n P 5 uanti ty and phosphorylation 
cc l ^"^^^3 'po^ibic that pS3 blocked osteo- 

cytometry. Tra nsicnt ^J'°n o P^V^ ^ ^ 
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FIG 3. Analysis of p53 in omcosarcoma cell iremfecunu. (A) 
Evidence for intact integration of exogenous p53 cDNA- Southern 
blot analysis of single-cell clones transfecled with p» expression 
constructs. Ten-microhm umples of fienomic DNA were digged 
with BamHl (lanes 1 to fi) or tfmdlll (Unei 7 xo 11) and probed with 
» P53 cDNA rratmeni. Lanes I DNA from cells J™fccted 
wiih P C53SCX3: bnes 5 and ft. DNA from celU 
PC53SN3: lanes 7 to U, DNA from cells tntnsfected w I^VXRl. 
Lanes 1 to 5 and 12 conciin ON A from tweeted U-20S cells, 
lanes 6 and 8 to 10 contain DNA tom;r»n$f«^ 
7 and 11 contain DNA from transacted KHOS-24GS cells. <m 
Detection of P S3 expression. Lysales from [ w SJai«hionlflc4abeW 
osieosarcomn celts were immune-precipitated with the mnnoclonkl 
antibody PAW21. Lysales are shown from SftOS-3 1 cells In J^"]* 
7. Unes contain lvsntes from cell lines iransfecieJwiih ' PC53SCX3, 
(TM2CX3.6 (lane 11 and 3.1U (lane 21). pC53SN3 (T718SN.3 I lane 31 
and T512SN3.1 [lane and pSVXRl 0512XR1.3 flane 5K 1.13 
llanc 6J. and 1.4 llanc 7j). Lysatcs from U-30S cells are in lanes 8 to 
12. Lanes contain lysatcs from unlransfected (UT1 cells (lane 8) or 
celts transacted with pSVXRl (TSUXRl-l *nc 91 and L2 llanc 10] 
or P C53SCX3 (T63CX3.6 llanc 111 and 3.11 llanc 121). LysMes from 
umransfected KHOS-240S are in lane 13 and tmnsfected with 
pSVXRl in lane 4. Molecular mass standards ore indicated m 
kiiodahons (kD). p53 and the hsc70 proteins arc identified. 

resccnec as detected by flow cytometry within various 
portions of the cell cycle. Only a two- to fourfold variation in 
p53 was noted (data not shown), confirming previous reports 
that it wax possible to detect similar levels ofp53 throughout 
the cell cycle (9). . , 

The distribution of cells within the cell cycle can be 
determined by their DNA content through measurement of 
flu rescence emission after propidium i didc staining. There 
is a doubling of the DNA content in the progression from the 
Gj phase to the G^M phase, when DNA synthesis occurs 
during S phase. Cells in the G^M phase maintain this 
doubled DNA content until the cells divide and reenter the 
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FIG. 4. Identification Of p53 mutations in the Saos-2 TJ12SN.X 
trwwfecunt cell line. P S3 amino acid sequence bet«ee« eodon* 230 
SJj^Staded boxes designate sequences In lughly conserved 
ZLld AVun.h.dcd box identifies residue, m the co« : nuclear 
tocTlization *ie«al (10). A phosphate group Is «uu**d to one of the 
3ve phosphorylation siies ai serine 315 (WW. Boih ihe nude- 
MidVillailiw and the resultant amino acid change* «» codon* 266 
and 306 are presented. 

G. Phase. Staining with propidium iodide thereby permits 
determination or cell cycle distribution as the second param- 
eter. By use of flow cytometry, cells can be analyzed for 
both p53 expression and distribution within the cell cycle. 

In order to determine whether p53 altered cell cycle 
progression. Saos-2 cells were first transacted with the gene 
encoding p53. To teki the level of p53 protein that was 
transiently expressed in these cells, radioimmunoassays 
with '-1-labclcd PAW22 were -vatom*. Saos-2 cells, 
normal fibroblasts, and the KHOS-240S cells had 29 ± U. 66 
- 5 and 425 a: 51 cpm of bound aniibody per 10 t^G ot 
orotein respectively (mean i SD). Saos-2 cells transiently 
Sect7d with 60 to 80 M of wild-type pC53SN3 or mutant 
DC53SCX3 DNA per 2 xlO* cells had 17.645 ^ 1.932 and 
12J68 * 948 cpm of bound antibody per 10 or protein, 
respectively. Transfection of large amounts of these exprw- 
sion constructs allowed transient express.on or pS3 at levels 
ereater than 30-fold higher than that found in the KHO^- 
240S cells and sevcral-hundred-fold higher than in normal 

Sorter to determine whether P 53 altered cell cycle 
progression, transfected cells wcre treated ^.th drugJ : used 
to synchronize cells at specific cell cycle stages <52)jmdihen 
analyzed for DNA content. Hydroxyurea; an agent known » 
block DNA synthesis, was used to synchronize cells at we 
G./S boundary. Nocodozolc. which interrupts microtubule 
formation, was used to synchronize cells m M phase. By 
analyzing transfecled cells blocked by ^hydroxyurea we 
could determine whether cells transfecled w.th the p53 gene 
could progress to synchrony in O,. In analyzing nccodazole- 
trcatcd cells, we hoped to determine whether transfected 
cells could progress through G,/S into the Oj/M bloc*. 

Saos-2 cells transfecled with the mutant construct 
pC53SCX3 had a distribution within the cell cycle similar o 
Uwt of the untransfected cells: When they were treated with 
hydroxyurea after transfection. boih the transfecled cells 
(pV> and the untransfected cells ( P 53") were synchronized 
prior to S phase (Fig. 6A). When the same cells were treated 
with nocodazole after transition most of the celts P ro- 
cresscd through t synchrony in the G,/M portion ot the cell 
cycle (Fig. 6B). When Saos-2 cells were «™naently trans- 
fectcd with the wfld-typc expression construct pCS3SN3 -nd 
hydroxyurea was added, the cells expressing wild-type p53 
were blocked at the same portion f the cell eye c^ ns .the 
untransfected cells (Fig. 6C). However, when the cells 
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I _G. 5. Indirect imnrnnonuorescencc to identify subcellular localization of variant p53i ' ^J^S; ^^trTBfSi^s^ScS 
=orni7es p«. Secondary antibody was FlTCnconjugatcd goat ami-mouse IgC, (A) Unuwufccicd KHOS-2405 cell*. (B) Un ™" c £ c ° 
i S cclU (C) 5^2 tSlkN.1. (D) Sros-2 T71KCX2 1.9. (E) Saos-2 cells transiently transfected with the wild-iype p53 expression construct 
.$N3. (F) Saos-2 cells transfected with ihc mutant p53 expression construct pSVXRl. 



j-taining wild-type p53 were treated with nueudazolc, they 
f'- 'i unable to progress through to the G 2 /M block. The 
'. =insfcctcd cells progressed as expecred, showing a prc- 
>riderance of blocked cells with 4N DNA content (Fig- 6D). 
r The cells thai ex pressed -wild-type p53 were Unable to 
1 )le their DNA content, it appears that overexpression of 
(. blocks progression through the cell cycle in G x prior to 
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DISCUSSION 



^ecausc 9 of 10 independent osteosarcoma cell lines 
yestigatcd in this study had detectable alterations in gene 
1 the inactivation of this gene is likely to be important for 
i growth of many osteosarcomas. As this anaJysis was 
■formed on established cell lines, it is possible that rhesc 

ve p53 alterations occurred during propagation of the cells 
f tro. Several previous observations make this unlikely. A 
I Jar frequency of gross rearrangements in the p53 gene 
^ been noted for both primary tumors and established cell 
ics (40). Additionally, a high frequency of p53 gene alter- 
" is occurs in other primary tumors of the colon, lung, and 

; _st (43. 46). Furthermore, transgenic mice that express 
znt gene p53 in all their cells form osteosarcomas at a 
:ry high frequency (38). These experiments all support the 
,-^oihesis that loss of wild-type p53 is important for the 
: . .al formation and in vivo growth of osteosarcomas. 



Whereas the introduction of the wild-type p53 gene sup- 
pressed the growth of osteosarcoma cells, introduction of 
the two mutant p53 expression constructs had no detectable 
effect on the growth of osteosarcoma cell lines. The mutant 
p53 genes were cloned from v*to carcinomas with single 
point mutations. This provides direct proof that subtle p53 
mutations, such as the valine to alanine switch in the Cx-3 
colon carcinoma that was present in the pC53SCX3 expres- 
sion construct, inactivate the function of wild-type p53 as a 
growth suppressor- Reintroduction of p53 in osteosarcomas 
therefore provides an assay to determine whether p53 mu- 
tations alter its growth-suppressing function. As such, the 
transaction assay into osteosarcoma cells appears to pro- 
vide a functional assay for p53. 

Our present data indicate that the overexprcssion of the 
wild-type p53 gene severely limits the growth of the Saos-2. 
U-20S, and K.HO$-2<10i> osteosarcoma cell lines. The 
growth' suppression seen upon introduction of wild-type 
gene p53 into the Saos-2 and the KHOS-240S cells could be 
attributed to its reexpression. The fact that a similar growth 
suppression was seen upon introduction of a wild-type p53 
gene into the U-20S cells, which contain apparently wild- 
type endogenous p53, suggests that it is p53 overexprcssion 
that may suppress growth. As detected by radioimmunoas- 
say, the level of p53 introduced by the expression constructs 
was several hundred-fold higher than the minute amount of 
wild-type p53 present in normal cells. The overexprcssion of 
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PROPIDtUM FLUUn^^ t DNA ^ 

almost completely obscured by the trwifecied ceils soi 



rvnc oS3 could represent nonspecific toxicity. This is 

which sh ws that the effect of the w.ld-typc prot clr ^ s 

a specific stage of the cell cycle, suggestmg a regulatory 

"SSS^iS^Sd in .he uansfected cells, it is 
nJ?SSr» infer inat «^^**£fi££ 
kvJTfa. osteosarcomas would cause ?™£5SJ^£ 
However, by overexpressing p53. " ,s . P°» ,D ! e l ° ""J 
^^conclusions ahoul the role of this protein Despr w 
SL» derations that ^-^^SS^ 
established cell lines, including the absence °J ^ «un»l» 
"ma protein in most osteosarcomas (24) and ^"f^*. £ 

where in the cel. cycle norma. ^tlS^S^ 
^'V^Vh 'V/* id T«r «c« determined to be 
5S2£^-J S«blSl of mLis by the method of over 

S^«s£n (30. 47). To ^^.^ZSSJS^Z 
product arrested Xenopus embryos in "ctaphase. . ii ^ 
S^rexpresscd (48). The cell cycle arrest by large quant t.es 

ments in which altering the expr«S,on of the pS3 gene 
appears to modulate the growth of colorectal carcinoma cells 

^In the past, several experiments that have investigate 
d&J o? introducing f^^%^J%££ 
sim ar constructs containing the sv« pi J^,„ _ r ei, .„<< 
which ovcrcxpress wild-lype P 53. The .nab duy oTE a and 
rat to produce foci when cotrunsfected with co ^™ c " 
which ovcrcxpress P 53 has been mte n«j£" « % s l Jf 
that wild-type p53 is a suppressor of transformatton (1/, 



31) The inability to form foci might be due lo a more general 

.i Vrnxiinc cfTect or p53 ovcrexprcssion. 
^XnoSS contain wild-type ^Ove^pr* 
sio^of wild-type p» blocks cell «^ ^"Si^ 

imcnts have noieu W4Q . rte j l0 po ymcnise 

alpha (27. 54. 5V1. « . f"«L , ccllu | ar initiation proteins 
aUo interfere with the h "*nfc «f « » ^ bc 

in Oo^i P™J. „ lt F cvc i c al W hi c h overexposed pS3 blocks 

%rr£B z saw-? 

St? JSXwh .1,= «l «y«l«. of .w. JSJ! 

uu thr cell to bcain an e*xep* from normal groww 
ctSLtnW it cSoser to the transformed phenotype. 
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ADDENDUM IN PROOF 
Mercer and co-workers have recently published results 
wWch sh w thaf P S3 inhibits cell growth in a ghoblas^tna 
dffinTcw. E. Mercer, M. T. ShieWs M Am.» O^J 
auve E AoDella. J. W. Romano, and S- J. UUncn. iNega 
„tr S %w^ regul«ion in a glioblastoma tumor «JHtaeJf 
conditionally expresses human w»ld-iyoe P 53..Proc. Natl, 
vcad. Sci. USA 87:6166-6170. 1990). 

LITERATURE CITED 
. „ M rm-.P!; s h. Advani, S. Benehlmol. and M- J. 

of Uic blast crisis of chronic myelocytic leukemia. Proc. N*i. 

2. V-J^S SSSS'M. MP"- S - *• Hamilton. «t a.. 

* ^Oromosome 17 deletions , »d p53 . «* mutations » 
colorectal carcinomas. Science 244:2V«ZJ- . 

cell growth by wild-type p33. Science ^Sr? 1 ^. „ d 

^%odSal«d during the ccU cycle and differentiation. CcU 

r^U v*E. C Cotchins, J. S. Rhim. and R- J- Huebn:r. 
U% SU^StaSSSh transformed by murine sareo « 
virus. Science W4:9Sl-953. Hinds, rnd 

CUrkc. C. K., K. ChenR, A. B. Vrvy, R. Stein, w - "J""* 
a J Levinc 1988 Purification of complexes of nuclear on.e- 
£ne* p» w Uh S %nd ^.rfcAto eoff heat shock f"™*'" 
v?,ro disso^ialion of hsc70 and dnaK from munne p53 by A P. 
Mol. Cell. Biol. 8-.1206-1H5. Iwmf . L 

Coulier, F., J. Imbcrt, J. Albert. E. Jetipet. J.-J. Lawrence l_ 
CrT^rd. and F. Wrfr J9M. Permanent '* ™ 
3T3 rat ceus but cell cyclc^lcpcodent T}.^ 
T-anugcn in simian virus 40 transformants. EM BO J- 4.3413 

~ ., . ... ... rr r „ logo Nuclear localiza ion 

10. Dang, C. V.. and \N.M. F. Lee- W W. J™ 

13. Unpcr. G. J., 0. M. Sandcrt. and J- E Kmgswo. « 



3. 



4. 



8. 



9. 



- M is^n» with retinoblastomas, 
primary neoplasm* in patients wnn 
Cancer 53:661-^71. sw^n i M. Goo*bi, XL 

14. Dryja. T. P.. J- M 1986. Chromo- 

Wdchsetbaum. A. Koo «. "JJ^^ , hoUl retinoblastoma, 
some 13 homozygosity In osteosarcoma 

sarcoma cell line. Oncogene 3:5V>^>- sUpuky, V. 

Skurnik, N. Ar*U V. Rotter, ™ ™\7^ muum p5 3 sp c- 
nbrosarcoma cells express two transform.ns muum i— 

cics. Oncogene 3:313-32L Q PtnhaJSvKiinhi, and 

2 °- ^a^ca^^PPress^ 

„ ^'uv^i" P Hinds, T.-H. Tan, M. Or«. a^d A. J 

2 - ]^£^2S^ « f — di48nosis - Hscv,tr/ 

North-Holland. Atnslerdam. Wrinbtrc J. M- 

orSniS of the sequenceand Its encoded protein. Proc. 
NaU.Acad. Sci. USA 84:9059-9063. Q«iau, S. H. 

S^o^h^roblastoau e cnc Science 

1657-1661- inieractions between SV 

Gannon, J. V., "«^ a ^r" New Bio |. 2:84-92. 

SnT^SA^ f ^ared cbromoson^ mec^m 
revealing a receive predi.pos.uon. Proc. Natl. Acad. J»a. 

USA 82:6216-6220- Heifmaiuand 
u„j. w p N M. Witliamson, R- Rabton ( D. M. neuiMiw 
?°F Adai 1 1985. Molecular cloning and wv.tro «P«»^ 
IcDNA done for human cellular tumor anugen P 53. MoU Cell. 
Biol. S:1601-l«0. checkpoints: controls 

ScHUosocctaronvcc, ^^.^' Sf' 0 ^ Mutation is 

SoTof a Amorphic VNTR sclent by the polymerase cha.n 
reaction. Nucleic Adds Res. 17:2140. 
33. Huan,. Hjl.J., J* Yee. J.-Y. Shew. P. U Ch^ ; 

J4 . ^itrs^^^^- c - 



26. 



28. 



29, 



3; 



02/24/95 15:25 ©713 79 4901 



THORACIC&CV SURG 



©Oil 



Vo^T 10. 1990 

1986. Localization of gene for human n53 antigen lo band 17pl3. 
Nature (London) 320:84-85. 

35. Jenkins. J. R.. K- Rudge, and C A. Curric. 1984. Cellular 
immortalisation by a cDNA clone encoding the transformation 
associated phosphoprotcin n53- Nam re (London) 312:651-653. 

36. Kraiss, A- Quiser, M. Oreu, and M. Montenarh. 198R. 
Oligorncrizauon of oncoprotein p53. J. Virol. 62:4737-4744. 

37. Lane, D. I*., and L. W. Crawford. 1979. T antigen is bound in a 
host protein in SV4&-tran$formed cells. Nature (London) 278: 
261-263. 

38. Lavigueur, A. f V- Malthy, D. Mock, J. Rossant. T. Pawsoa f and 
A. Bernstein. 1989. High incidence of lung. bone, and lymphoid 
tumors in transgenic mice overexpressing mutant allele i of the 
p53 oncogene. Mol. Cell. Biol. 9:3982-3991. 

39. Unzer. D. I. H. t and A- J. Uvtne. 1979. Characterization of a 
54K dation cellular SV40 tumor antuten present in SV40 trans- 
formed cells and uninfected embryonal carcinoma cells. Cell 
17:43-52. 

40. (Vtouda, H. t C M0ler, H. P. Kocfflcr, H. BatUfora. and M. J. 
Cllne. 1987. Rearranxemenl of the p53 gene in human osteogenic 
sarcoma*. Proc. Nail. Acad. ScL USA W:7716-7719. 

41. Meek, D. W„ and W. EckharL 1988. Phosphorylation of p53 in 
normal and simian virus 40-transformed NIH 3T3 cells. Mol. 
Cell. Biol. 8:401-465. 

42. Mercer, W. Em M. Amin, C. J. Saovc, E. Appella, S. J. Ullrich, 
and J- w. Romano. 1990. Wild-type human p53 U antiprolifer- 
ative in SV4(kransformed hamster cells. Oncogene 5:973-980. 

43. Nlcro, J. M- S. J. Baker. A. C FrcUlnger, J. M- Jessup, t± al. 
1989. Mutations in the p53 gene occur in diverse tumour rypes. 
Nature (London) 342:705-708. 

44. Parada, U F. f H. IM R. A. Weinberg D. Wo*f, and V. Rotter. 
1984. Cooperation between gene encoding p53 tumour anlip.en 
and ras in cellular transformauon. Nature (London) 312:649- 

45. Reich. N. C. f and A. J. Lerinc. 1984. Growth regulation of u 
cellular tumour antigen. p53. in nonlranxformed cells. Nature 
(London) 308:199-201. 

46. Romano, J. W„ J. C Ehrhart, A. Duths, C M. Kim, E- Appetla, 
and P. May. 1989. Identification and characterization of a p53 
Rene mutation in a human osteosarcoma cell line. Oncogene 
4:1483-1488. 

47. Russell. P., and P. Nurse. 1987. Negative regulation of mitosis 
by wed*, a gene encoding a protein kinase humolog. Cell 
49:559-567. 



P 53 FUNCTION IN OSTEOSARCOMAS 5781 

48 Sagata, N., N. Walanabe, C. F. Vande Woude, and Y. Ikaw*. 
1989. The c-moj proto-oncogene product is a cytostatic factor 
rcsponiiblc for mciotic arrest in vertebrate eggs. Nature (Lon- 
don) 342:512-518. 

49. Samad, A., C W- Anderson, and R. B. Carroll. 1986- Mapping 
of phosphomonoesterand apparent pho*phodie*tcr bonds of the 
oncogene product p53 from simian virus 40-transformed 3T3 
cells. Proc. Natl. Acad. Sci. USA K3:R97-90l. 

50. Sambrook, J M E. F. Ffitsch, and T- Manialis. 1989. Molecular 
cloning: a laboratory manual, 2nd ed. p. 9.31-9.58. Cold Spring 
Harbor Laboratory, Cold Spring Harbor. N.Y. 

51. So nisi, T., C Caren deFrnmenteU M- Mcc&ali, P- M*j, and M- 
Kress. 1987. Cloning and characterization of a cDNA from 
Xenapus laevU coding for a protein homologous to human 
murine p53. Oncogene 1:71-78. 

52. SrabbUfiete, EL 1968. Synchronization methods for mammalian 
cell cultures, p. 25^43. in D. M. Prcscou <cd.). Methods in cell 
physiology. Academic Press. Inc.. Nc* York. 

53. Srunbechcr, H. W., P. Chamaknv, W. J. Welch, and J. R. 
Jenkins. 1957. Mutant p53 proteins bind p53 hsp72/73 cellular 
heat-shock proteins in SV40-iransformcd monkey cells. Onco- 
gene 1:201-211. 9 w ^ oa 

54. Sturxbecbcr, H. W., C Addison, and J. R. Jenklni. 1988. 
Characterization of muunt p53-hsp72/73 protein-protein com- 
plexes by transient expression in monkey COS cells. Mol. Cell. 
Biol. 8:3740-3747. 

55. Sturzbcciier, H. W., R. Brain, T. Maiaetfi, C Addison, K. 
Rudge. and J. R. Jenkins. 1988. Mouse pS3 blocks SV 40 DNA 
replication in vitro and downrcgulates T antigen DNA helicase 
activity. Oncogene 3:405-413. 

56. TakabxshU T., M. M. Nau, L Chiba, M- J. Birrer. R- K. 
Rosenberg, ei al. 1989. p53: a frequent urgct for genetic abnor- 
malities in lung cancer. Science 246:491-494. 

57. Van der Eb. A- J., mad F« L. Graham. 1980. Assay of transform- 
ing activity of tumor virus DNA. Methods Enzymol. 65:&26- 
839. 

56. VanDorefl, K., D. Harsher, and Y. Gluzman. 19«4. InfccUon of 
eucaryotic cells by helper-independent recombinant adenovi. 
ruses: early region 1 U not obligatory for integration of vind 
DNA. J. Virnl. 50:606-6H. 

59. Wanfi, E. H., P. N. Friedman, and C. Prrvcs. 1989. The murine 
p53 protein blocks replication of SV40 DNA in vitro by inhib- 
iting the initiation functions of SV40 large T antigen. Cell 
57:379-392. 



